The VERITAS array of 12-m atmospheric-Cherenkov telescopes in southern Arizona began full-scale operations in 2007, and it is one of the world's most sensitive detectors of astrophysical VHE (E >100 GeV) γ-rays. Forty-one blazars are known to emit VHE photons, and observations of blazars are one of the VERITAS Collaboration's Key Science Projects (KSPs). More than 400 hours per year are devoted to this program, and ∼100 blazars have already been observed with the array, in most cases with the deepest-ever VHE exposure. These observations have resulted in 20 detections, including 10 new VHE blazars. Highlights of the VERITAS blazar observation program, and the collaboration's long-term blazar observation strategy, are presented.
Introduction
For almost two decades, the study of blazars has been a major component of the scientific program of VHE γ-ray observatories. Forty-one blazars, a class of AGN with relativistic jets pointed along the line of sight to the observer, are observed to emit VHE γ-rays. The VHE blazar population includes four blazar subclasses: 30 high-frequencypeaked BL Lac objects (HBLs), 5 intermediate-frequencypeaked BL Lac objects (IBLs), 3 low-frequency-peaked BL Lac objects (LBLs), and 3 flat-spectrum radio quasars (FSRQs). The redshifts of the known VHE blazars range from z = 0.030 to at least z = 0.536, and the photon spectra of the observed VHE emission is often soft (Γ obs ∼ 2.5−4.6). However, it is important to note that this is largely due to the softening of the emitted blazar spectra by the attenuation of VHE photons on the extragalactic background light (EBL). Approximately 60% of the known HBLs exhibit some variability, and most of the non-HBL blazars are detected at VHE only during flaring episodes. Although VHE flux variability is commonly observed 1 , rapid (minute-scale), large-scale (factor of 100) variations of the VHE flux are relatively rare (see, e.g., [2] ). Only four VHE blazars have ever been observed at more than the Crab Nebula flux (1 Crab) , and of these, only Mkn 421 and Mkn 501 have been seen in multiple >1 Crab flaring episodes. Understanding VHE blazars and their related science relies on expanding the known population, and making precision measurements of their spectra (particularly at the highest energies) and their variability patterns (e.g., timescales, flux range, and spectral changes). Contemporaneous multiwavelength (MWL) observations are a key component of these studies since these highly-variable sources emit over the entire broadband spectrum. These MWL studies enable modeling of the blazars' double-humped spectral energy distributions (SEDs), as well as searches for correlations in the flux/spectral changes observed that may indicate commonalities in the origin of the observed emission.
The VERITAS Blazar KSP
VERITAS began routine scientific observations with the full array in September 2007. The performance metrics of VERITAS [1] include an energy resolution of ∼15%, an angular resolution of ∼0.1
• , and a sensitivity yielding a 5 standard deviation (σ) detection of an object with flux equal to 1% Crab in ∼25 hours. VERITAS observations are performed for ∼1100 h each year, and from 2007-10, observations of blazars averaged ∼410 h per year. Table 1 shows the 20 VHE blazars (15 HBL and all 5 known VHE IBL) detected by VERITAS, which include 10 discoveries. The VERITAS blazar KSP consists of: i. A discovery program: Several blazars are selected annually for VERITAS observations with the goal of increasing the VHE blazar population, particularly in the non-HBL subclasses and at higher redshifts. Through these efforts, and those of other VHE observatories, the VHE blazar catalog is rapidly expanding. This is well illustrated by the sky map in Figure 1 , which shows 3 VHE blazars (2 IBLs and 1 HBL) all contained within the VERITAS field of view (3.5 • ). Highlights from the discovery program are presented elsewhere in these proceedings [6] . [3] and [4] , respectively. The classifications and synchrotron peak frequencies are taken from [5] , except for four cases: two (marked with asterisks) where the classification is determined from VERITASled MWL studies, and two (marked with β) where the historical HBL classification is used.
ii. A target-of-opportunity (ToO) observation program:
Blazar observations can be triggered by either a VHE discovery or a flaring alert from various optical, X-ray, MeVGeV (Fermi-LAT), and TeV blazar monitoring programs. iii. A MWL observation program: Contemporaneous MWL observations are organized for most of the known VHE blazars regularly observed by VERITAS. In addition, ToO observation proposals for MWL measurements are also submitted to lower-energy observatories, and are triggered by a VERITAS discovery or flaring alert.
iv. An EBL/IGMF program: Studies of distant VHE candidates, and deep exposures on known hard-spectrum VHE blazars, are performed to constrain, and possibly measure, the EBL and the intergalactic magnetic field (IGMF). From 2007-10, ∼80% of the VERITAS blazar data came from discovery observations and follow-up observations of any new sources. In September 2010, the emphasis of the Blazar KSP changed to aim for a 40:60 ratio between discovery observations and exposures of known VHE sources.
Highlights for Known VHE Blazars
Mrk 421 is the longest-known VHE blazar, and generally has the brightest VHE flux. It is easily the best-studied [7] . During this campaign, bright VHE flares reaching flux levels of ∼10 Crab are detected, and the VHE data are complemented with radio, optical, and X-ray (RXTE and Swift) observations. Flux variability is found in all bands except for the radio waveband. Interestingly, the VHE and X-ray flux are often correlated, with both bands showing spectral hardening with increased flux levels. [15] . The ∼10σ detection corresponds to an observed flux of ∼6% Crab above 200 GeV, and the resulting spectrum between 160 GeV and 1.8 TeV is well described by a power-law function with photon index Γ = 3.08 ± 0.34. In 2008-09, VERITAS monitored the flux from 1ES 1218+304 for ∼27 h good-quality live time. The blazar is strongly detected (∼22σ), and clear day-scale variations of the VHE flux are seen [16] . Although the VHE flux varied by factor of ∼4, reaching ∼20% Crab, the VHE spectrum did not change significantly during the campaign (Γ avg = 3.07 ± 0.09). The relative hardness of the 1ES 1218+304 spectrum can be used to derive limits on the EBL very close to the best. However, the derived EBL constraints can be weakened by invoking kpcscale jet-emission scenarios for this and other distant, hardspectrum VHE blazars. Fortunately, the observed day-scale variability rules these models out [16] . During VERITAS monitoring of 1ES 1218+304 in 2011, the blazar is strongly detected in a season-long elevated flux state (∼12% Crab). PG 1553+113 is a hard-spectrum (Γ LAT ∼ 1.66) Fermi-LAT blazar [17] . It is likely the most distant HBL detected at VHE (see z > 0.43 from [3] ). It was observed by VER-ITAS for ∼60 h of quality-selected live time between May 2010 and May 2011. These data result in the most significant VHE detection (39σ) of this HBL. The time-averaged VHE flux is 10% Crab above 200 GeV, higher than the archival VHE measurements, and the photon spectrum is well described between 175 GeV and 500 GeV by a powerlaw function with photon index Γ = 4.41 ± 0.14. The VHE spectrum can be used to set an upper limit on the redshift of z < 0.5. More details regarding the VERITAS detection of PG 1553+113 can be found in these proceedings [4] . 1ES 0229+200 is one of the hardest-spectrum VHE blazars known (Γ HESS ∼ 2.5; [18] ). It was observed by VERI-TAS as part of an intense MWL observation campaign for ∼46 h live time from 2009-11. A strong signal is detected (∼600 γ-rays, 9.0σ) in these observations corresponding to an average VHE flux of ∼2% Crab above 300 GeV. The VERITAS flux is variable on a timescale of months, and the preliminary VHE spectrum measured between ∼220 GeV and ∼15 TeV has photon index Γ = 2.44 ± 0.11. The results of the MWL campaign are in preparation. It is interesting to note that 1ES 0229+200 is the only VERITASdetected blazar not included in the 1FGL catalog [17] . 1ES 0414+009 1ES 0414+009 is the most distant VHE HBL with a well-measured redshift (z = 0.287). It was observed by VERITAS for ∼55 h of quality-selected live time from January 2008 to February 2011. An excess of VHE γ-rays is detected (∼7σ) from this Fermi-LAT source (Γ LAT ∼ 1.94; [17] ). The observed VERITAS spectrum between ∼230 GeV and ∼1.8 TeV is relatively hard (Γ = 3.4 ± 0.5) considering EBL-related effects, and consistent with that observed during the HESS discovery [19] . The observed VERITAS flux is somewhat higher (∼1.6% Crab) than measured by HESS (0.6% Crab above 200 GeV), although the large data-sets used by both experiments are not simultaneous. Results from a contemporaneous MWL observation campaign are in preparation.
B2 1215+30, an IBL discovered at VHE during a flare in January 2011 [20] , was observed 2 for ∼55 h of qualityselected live time between December 2008 and April 2011. The measured excess of ∼240 γ-rays (6.3σ) corresponds to a VHE flux of ∼1% Crab. There is a weak indication that the flux observed by VERITAS in 2011 may be higher than seen from 2008-10. The VERITAS flux is consistent with that (2 ± 1% Crab) reported during the MAGIC discovery.
The Long-term Blazar Strategy
In 2010, a plan for the future of the VERITAS blazar KSP was developed. Using the average annual blazar exposure, ∼410 h per year, as the baseline, an observation program was created that focused on intensive observations of known sources, while maintaining an active discovery effort. The major components of this program include: i. Long-term Monitoring (210 h / yr): VERITAS will regularly monitor 14 selected VHE blazars (∼70% of northern VHE BL Lac population) during each season to maximize the chance of detecting any VHE flaring episodes while simultaneously building deep exposures (∼100 to ∼200 h total). The selected targets consist of five EBL/IGMF-relevant HBLs (i.e., distant, hardspectrum sources), four nearby, bright HBL where extreme flares are perhaps most likely, and five non-HBL blazars for studies to unravel the mechanisms behind the blazar sequence. Table 2 shows the blazars monitored and their existing VERITAS exposure. Contemporaneous radio, optical/UV, X-ray and GeV monitoring will be organized to enable source modeling, and ToO observation proposals in the optical-to-X-ray waveband will be submitted annually to ensure coverage of important flaring events. ii. Discovery Program (∼100 h / yr): A Fermi-LATguided discovery effort will be continued, but the focus will move towards higher-risk/higher-reward endeavors, and will be split between non-HBL targets (to expand the understanding of the blazar sequence), and high-redshift candidates (useful for EBL/IGMF studies). In addition, observations of previously-viewed candidates showing a marginal excess in existing VERITAS data will continue. iii. ToO Program (∼100 h / yr): This is used to respond to flares from the monitoring program, to deepen exposures on new discoveries, and to respond to high-value discovery opportunities (e.g., FSRQs) indicated by flaring at lower energy. To aid this effort, optical, and often X-ray monitoring, of all known VHE blazars and high-value candidates is set up, in addition to automatic LAT analysis pipelines [21] .
Conclusion
Blazar observations are a major component (∼40%) of the scientific program of VERITAS. Twenty VHE blazars are detected with the observatory, including 10 VHE discoveries. The VERITAS studies of these emitters are largely the most sensitive ever, and have yielded a number of interesting results. A long-term plan for the VERITAS blazar KSP is organized, and it includes both a robust discovery effort, and a program to produce unprecedented VHE data sets, in terms of sensitivity, duration and MWL coverage, for most of the northern blazar population. Clearly, there are many exciting VERITAS blazar results still to come.
